ABSTRACT Background: The Mediterranean diet has been associated with reduced mortality; few studies have investigated the combined impact of the Mediterranean diet with other modifiable lifestyle factors. Objectives: The objectives were to investigate the association between adherence to the Mediterranean diet and total mortality and to estimate the overall impact of a combined healthy lifestyle on premature death. Design: In 1986 a cohort of 120,852 men and women aged 55-69 y provided information on dietary and other lifestyle habits. A mortality follow-up until 1996 was established by linkage to the Dutch Central Bureau of Genealogy. A combined lifestyle score was constructed by allocating one point per the following healthy lifestyle factors: adhering to the Mediterranean diet, nonsmoking, normal weight [BMI (in kg/m 2 ): 18.5 to ,25], and regular physical activity. The lifestyle score ranged from 0 to 4 points (least healthy to healthiest). The multivariate case-cohort analysis was based on 9691 deaths and 3576 subcohort members. Results: Adherence to the Mediterranean diet was significantly related to lower mortality in women but not significantly in men. The healthy lifestyle score was strongly inversely related to mortality in women and men. When the least-healthy to the healthiest lifestyle scores were compared, HRs of 4.07 (95% CI: 2.59, 6.40; P-trend ,0.001) and 2.61 (95% CI: 1.79, 3.80; P-trend ,0.001) were shown in women and men, respectively. For the same comparison, the mortality rate advancement period ("aging effect") was 15.1 y (95% CI: 9.9, 20.2 y) in women and 8.4 y (95% CI: 5.0, 11.8 y) in men. Conclusion: This study suggests that adherence to 4 modifiable healthy lifestyle factors can substantially reduce premature mortality in women and men.
INTRODUCTION
The traditional Mediterranean diet is characterized by high intakes of plant proteins, whole grains, fish, and monounsaturated fat, moderate alcohol intake, and low intakes of refined grains, red meat, and sweets (1, 2) . The Mediterranean diet has been associated with decreased mortality (3) (4) (5) (6) (7) (8) (9) (10) (11) . Other modifiable lifestyle factors such as smoking, physical activity, and BMI (in kg/m 2 ) are also related to mortality (12, 13) , but few studies have investigated the combined impact of the Mediterranean diet (including alcohol) and these factors on mortality (8) . Moreover, men and women were rarely directly compared.
To estimate the impact of an exposure on death, PARs 5 have often been used in studies (8, 14, 15) . However, a PAR as a preventable proportion of total deaths is difficult to interpret because everyone eventually dies. Instead, the risk or RAP has been proposed (16) . The mortality RAP conveys information on the prematurity of death as opposed to the PAR. The RAP can be applied when event rates increase monotonically with age and when there are no competing risks, as in total mortality. With the RAP, one can estimate an aging effect attributable to an exposure, with assumption of causality. The association between adherence to the Mediterranean diet and overall mortality and the impact of a lifestyle score that combines the Mediterranean diet (including alcohol), smoking, BMI, and physical activity on premature death was investigated in the NLCS in men and women.
SUBJECTS AND METHODS

Study design and mortality follow-up
The NLCS started in September 1986 and included 58,279 men and 62,573 women aged 55-69 y (17). At baseline, participants completed a mailed, self-administered questionnaire on cancer risk factors. The NLCS study was approved by institutional review boards from Maastricht University and the Netherlands Organization for Applied Scientific Research. All cohort members consented to participation by completing the questionnaire. For data processing and analysis, the case-cohort method was used (18) . Following this method, case subjects were enumerated from the entire cohort of 120,852 (numerator information of mortality rates), whereas the accumulated person-years at risk in the cohort were estimated by using a subcohort of 5000 subjects (which provided the denominator information of rates). This subcohort (2411 men and 2589 women) was randomly sampled from the cohort immediately after baseline. Subcohort members were actively followed up biennially for vital status information and migration. Mortality data of the entire cohort were obtained by linkage to the Dutch Central Bureau of Genealogy. Through this linkage, 18,091 deaths were identified between January 1987 and December 1996. The completeness of the mortality follow-up was checked in the subcohort and was estimated to be 99% (19) . As with the nested case-control study design, the case-cohort study is also nested within a cohort with a comparable efficiency gain. An additional advantage of the case-cohort design over the nested case-control design is that the selected subcohort can be used to study a range of disease endpoints (20) .
Exposure assessment
The 11-page baseline questionnaire measured dietary intake, detailed smoking habits, anthropometric measures, physical activity, and other risk factors related to cancer and the presence of cardiovascular disease (17). The habitual consumption of food and beverages during the year before baseline was assessed by using a 150-item semiquantitative food-frequency questionnaire, which was validated against a 9-d diet record (21) . Nutrient intakes were calculated by using the computerized Dutch foodcomposition table (22). Nonoccupational physical activity was calculated by adding the minutes spent per day on cycling or walking, shopping, walking the dog, gardening, and sports or exercise as previously reported (23) .
Population for analysis
From the 18,091 deaths in the cohort, subjects who reported a history of cancer (excluding nonmelanoma skin cancer), cardiovascular disease (ie, myocardial infarction, angina pectoris, and stroke), or diabetes at baseline were excluded from this mortality analysis, which left 11,506 deaths. A similar exclusion was applied to the 5000 subcohort members, which yielded 4041 subcohort memers available. In addition, subjects with incomplete or inconsistent dietary data were excluded from the analysis, which left 9691 deaths (6329 men and 3362 women) and 3576 subcohort members (1690 men and 1886 women) available for analysis.
Mediterranean diet score
Conformity with the Mediterranean diet was assessed by using the aMED (10, 24) , which is an adapted version of the original Mediterranean diet score created by Trichopoulou et al (3, 6) . The aMED contains 9 dietary components that are typical of the Mediterranean diet. To control for energy intake, the intake of each component was first adjusted to a daily intake of 2500 kcal for men and 2000 kcal for women (6, 10, 24) . For each of the presumed beneficial food items [ie, vegetables (without potatoes), legumes, fruit, nuts, whole grains, fish, and the ratio of the intake of MUFAs to saturated fatty acids), one point was given when the intake was at least the sex-specific median intake, and zero points were given otherwise. For red and processed meat, one point was given (and zero points were given otherwise) when the intake was below the sex-specific median intake. For alcohol, one point was given when the alcohol intake was between 5 and 25 g/d, and zero points were given otherwise (10) . This resulting sum score ranged from 0 to 9 points (minimal to maximal conformity, respectively). Adherence to the Mediterranean diet was also assessed by using the original score developed by Trichopoulou et al (6) . This score differs from the aMED as follows: fruit and nuts are combined in one component; dairy is considered a component; cereals are considered a component instead of whole grains, and meat is considered a component instead of red and processed meat; and the alcohol intake range that is considered to be beneficial is 5-25 g/d for women and 10-50 g/d for men. In the NLCS survival analyses, the model fit, as estimated by the Akaike information criterion (25) , was consistently better with the aMED score than with the original Mediterranean diet score; therefore, only results for the aMED are presented. Regarding the aMED, there was no further improvement of the model fit when the optimal alcohol intake was defined at higher levels for men than for women; therefore, one category of 5-25 g/d was used for men and women.
Healthy lifestyle score
A score was constructed in which binary scores for several modifiable lifestyle factors were combined that were derived from earlier classifications (14) . Per factor, one point was allocated to participants (and zero points were allocated otherwise) for having a normal BMI (18.5 to ,25.0), nonsmoking (never or stopped 10 y ago), physically active (on average, 30 min/d), and having an aMED score of 5-9 points. The combined sum score ranged from 0 to 4 points (minimal to maximal healthy lifestyle, respectively).
Statistical analyses
All analyses were done for men and women separately. The relation between aMED and mortality was evaluated by using Cox proportional hazards models. It was verified that the proportional hazards assumption was not violated by using Schoenfeld residuals (26) and 2ln(2ln) survival plots. SEs were estimated by using the robust Hubert-White sandwich estimator to account for additional variance introduced by the subcohort sampling (27) .
To examine the distributions of intakes of the dietary components of the aMED, the median and 25th and 75th percentiles were calculated in the subcohort (because this was a random sample of the cohort). Spearman's rank correlation coefficients were calculated between the aMED and components, as well as caloric intake. The distribution of subcohort members by the aMED score and various nonnutritional characteristics was examined by cross-tabulations.
Age-adjusted death rates, which were directly standardized to the age distribution (in 5-y age bands) of the NLCS population (ie, men and women), were computed for the 3 categories of the aMED score while applying the inverse of the subcohort sampling fraction (120,852/5000). This computation was followed by age-and multivariate-adjusted survival analyses in which the aMED was tested on categorical (0-3, 4-5, and 6-9 points) and continuous scales. In the multivariate analyses, HRs were corrected for potential confounding by age at baseline (continuous, in years), cigarette smoking [coded as current compared with never or former smokers, number of cigarettes smoked per day, and years of smoking (both continuous)], history of physician-diagnosed hypertension (no or yes), BMI (,18.5, 18.5-,25, 25 to ,30, and 30), nonoccupational physical activity (,30, 30-60, 61-,90, and 90 min/d), highest level of education (primary school or lower vocational, secondary or medium vocational, and higher vocational or university), and energy intake (continuous, in kcal/d). Analyses were repeated after excluding deaths that occurred in the first 2 y of follow-up. Tests for trends were assessed by fitting ordinal exposure variables as continuous terms.
Associations between each aMED component and mortality were tested in analyses in which HRs and 95% CIs were calculated for the interquartile range of intake for these components, together with the energy intake. To evaluate potential residual confounding by mortality risk factors and interactions, analyses of the aMED score and mortality rate were also conducted within strata of smoking, BMI, physical activity, educational level, and history of hypertension. Interactions with these factors were tested by using likelihood ratio tests and cross-product terms.
For analyses regarding the healthy lifestyle score, the association between each component factor and mortality was first evaluated in Cox regression while age, history of hypertension, education, and caloric intake were controlled for and, in addition, when other lifestyle components were controlled for. Agestandardized death rates were computed for categories of the healthy lifestyle score in the previously mentioned way. The association between the healthy lifestyle score and mortality was evaluated in age-and multivariate-adjusted Cox proportional hazards models, with adjustment for age, education, history of hypertension, and calories. Subjects who scored 4 points on the lifestyle score were considered the reference group. Analyses were also stratified by age, education, and history of hypertension with tests for interaction.
The impact of a change in the lifestyle score was calculated by using the mortality RAP (16) by dividing the regression coefficient of the lifestyle score by the regression coefficient of age. The linearity between the log(hazard) and age was verified by using martingale residuals (28) . CIs for RAP were calculated by using variance and covariance estimates for regression coefficients (16) . In addition, PARs (considered the estimate of the percentage of deaths that would not have occurred if all subjects were in the lowest risk category) were calculated (29, 30) by comparing subjects with the most-healthy lifestyle to all other subjects. Analyses were performed with Stata (version 10); presented P values were 2-sided, with P , 0.05 considered statistically significant.
RESULTS
Women had higher median intakes of vegetables and fruit and lower intakes of alcohol and energy than did men (see supplemental Table 1 under "Supplemental data" in the online issue for median and 25th and 75th percentiles of energy-adjusted intakes of aMED components in men and women and Spearman's rank correlations with the aMED). The distribution of subcohort members by the aMED score according to nonnutritional characteristics is shown in Table 1 . Conformity with the Mediterranean diet was lower in older women and higher in men and women who were never or former smokers (in addition, the frequency and duration of cigarette smoking decreased with the increasing aMED), were more physically active, had a normal BMI, or a higher educational level. A history of physician-diagnosed hypertension was positively associated with the aMED-score in men.
Higher aMED-scores were significantly associated with lower mortality in multivariate-adjusted Cox regression analyses in women ( Table 2 ) with an HR of 0.69 (95% CI: 0.58, 0.82) and comparison of high to low score levels (P-trend , 0.001). In continuous multivariate analyses, the HR per 2-point increment in the aMED score was 0.84 (95% CI: 0.79, 0.91). In men, the significant association in the age-adjusted analysis was weakened and not significant after multivariate adjustment. The test for interaction between the aMED score and sex was not significant (P = 0.329). The exclusion of the first 2 y of follow-up did not change the results in men and women. Analyses stratified by smoking, BMI, physical activity, educational level, and history of hypertension yielded no significant interactions (data not shown).
For each dietary component of the aMED-score, HRs were estimated in continuous analyses for an intake contrast defined by the interquartile range (Table 3) , except for alcohol intake for which results are shown for categories. Vegetable intake and the MUFA:saturated fatty acid ratio were significantly inversely associated with mortality in women but not in men. Nut intake was inversely related with mortality in men and women. Alcohol intake inside the range of 5-25 g/d was also associated with a significantly lower mortality in both men and women. Apart from aMED components, energy intake was significantly inversely related to mortality in men.
The aMED score was dichotomized and combined with binary scores for 3 other lifestyle factors. The factors and cutoffs are shown in Table 4 together with the prevalence of component lifestyle scores in the subcohort in men and women. For each of these binary-scored lifestyle factors, HRs are shown in Table 4 . After adjustment for the other factors, nonsmoking, regular physical activity, and better diet quality were significantly associated with reduced mortality in men and women; relations with BMI were not significant.
Results of mortality analyses for the combined healthy lifestyle score, together with the prevalence of that score in men and women, are shown in Table 5 . Age-standardized death rates decreased considerably with a healthier lifestyle score; the difference in rates between bottom and top levels was 1597.3 deaths/100,000 person-years in men and 1654.8 deaths/100,000 person-years in women. The multivariate-adjusted HR of mortality, for comparison of the least healthy to the healthiest lifestyle score, was 2.61 (95% CI: 1.79, 3.80; P-trend , 0.001) in men and 4.07 (95% CI: 2.59, 6.40; P-trend , 0.001) in women. Results were similar after early deaths were excluded (data not shown). There was no significant interaction between men and women (P = 0.233). In analyses stratified according to age, level of education, and history of hypertension, the association between a healthy lifestyle score and mortality was seen in all strata with significant tests for trend. The test for interaction with the educational level was significant (P = 0.04); in subjects with a low or medium educational level, the association with the healthy lifestyle score was stronger than for highly educated subjects (data not shown).
In the Cox regression models per sex, regression coefficients for age (per 1-y increment) were 0.114334 in men and 0.093267 in women. When the least-to most-healthy lifestyles were compared, the RAP was 8.4 y (95% CI: 5.0, 11.8 y) in men and 15.1 y (95% CI: 9.9, 20.2 y) in women. For men and women combined, the RAP was 9.9 y (95% CI: 7.0, 12.9 y). The RAP per one-point decrease in lifestyle score was 2.3 y for men and 3.2 y in women (Table 5 ). For comparison, RAPs for subjects with a history of hypertension compared with those for normotensives were 2.5 and 2.4 y in men and women, respectively. The PAR associated with an unhealthy lifestyle was 44.3% in men and 39.5% in women. It should be noted that these PARs compared subjects with the most-healthy lifestyle to all other subjects, whereas the RAPs yielded information about comparisons of subjects from each category of healthy lifestyle score separately to the most healthy lifestyle group.
DISCUSSION
In this large prospective study, conformity with the Mediterranean diet was significantly related to lower mortality during 10 y of follow-up in Dutch women aged 55-69 y but not significantly in men. A healthy lifestyle score that combined adherence to the Mediterranean diet with nonsmoking and having a normal BMI and regular physical activity showed a strong inverse relation with mortality in women and men. When the least-to the most-healthy lifestyle scores were compared, HRs of 4.07 and 2.61 were shown in women and men, respectively. There was a significant interaction with the level of education; the strongest association with the healthy lifestyle score existed in subjects with a low or medium level of education. When the leastto most-healthy lifestyle scores were compared, the mortality RAP was 15.1 y in women and 8.4 y in men.
Several cohort studies showed inverse associations between adherence to the Mediterranean diet and mortality (3) (4) (5) (6) (7) (8) (9) (10) . However, few studies have made direct comparisons between men and women. In the large NIH-AARP Diet and Health Study (10) , inverse associations were shown with the aMED score in men and women. The inverse association with the aMED in the NLCS women seemed stronger than in women in the NIH-AARP study, but in men, no significant association was shown. In the NLCS, few men had never smoked, and a careful adjustment for confounding by smoking was applied by using the smoking duration and dose in former and current smokers. Residual confounding by smoking is important to consider because smoking was associated with less adherence to diet in the NIH-AARP study and NLCS.
Various studies have evaluated a combined lifestyle score in relation to mortality (8, 14, 15, (31) (32) (33) (34) . Components of these combinations were mostly smoking, BMI, physical activity, and diet and alcohol habits. The Mediterranean diet was only considered in a combined lifestyle by Knoops et al (8) , whereas van Dam et al (14) used a healthy eating score as an indicator of diet quality. Three studies were conducted in women only (14, 33, 34) , the other studies were conducted in both sexes (8, 15, 31, 32) . Some studies were relatively small (8, 32) with no sex-specific results. The EPIC-Norfolk study (31) used plasma vitamin C concentrations, and a Japanese study (15) used green leafy vegetables as the only dietary component. All cohort studies reported associations between a healthier lifestyle and decreased mortality (8, 14, 15, (31) (32) (33) (34) . As shown in other cohorts (14, 34) , nonsmoking and regular physical activity seemed to be the most important lifestyles for delaying death in the NLCS. These lifestyles were followed by adherence to the Mediterranean diet in the NLCS. BMI was not clearly positively associated with mortality in the NLCS, which was a result that was also recently shown in a study in the United Kingdom (34) and in a study in Shanghai (33) .
PARs of total mortality for unhealthy combined lifestyles ranged from 18.5% in Japanese women (15) to 60% in elderly European men and women (8) . In the NLCS, these PARs were 44.3% in men and 39.5% in women. PARs depend on the association with specific lifestyle factors and the prevalence of those factors in populations. As mentioned, an advantage of the RAP over the PAR is that the RAP conveys information on the prematurity of death. In the NLCS, the RAP per one-point decrease in lifestyle score was 2.3 y for men and 3.2 y in women, which compared with RAPs for a history of hypertension of 2.5 and 2.4 y in men and women, respectively. The RAP for lifestyle estimates an aging effect that is attributable to unhealthy behavior; with the assumption of causality, the agerelated increase in the death rate in NLCS participants with the least-healthy lifestyle could be postponed by 15.1 y in women and 8.4 y in men if these subjects had the healthiest lifestyle. Both coefficients for exposure and age determine the RAP because the regression coefficient for age forms the denominator of it. Because age had a weaker relation to mortality in NLCS women than in men, this effect resulted in an additional increased RAP of 15.1 y in women. In 2 other studies, RAPs of 12-14 y were shown for the extreme contrast in combined lifestyle scores in men and women together (compared with 9.9 y in the NLCS for men and women combined), but no CIs were reported (31, 32) .
In addition to the calculation of CIs around the RAP, this study provided a more comprehensive dietary assessment than did earlier studies on this topic (31, 32) . Other strengths of the NLCS included the prospective design and high completeness of follow-up, which made the information bias and selection bias unlikely. Exclusion of deaths diagnosed within the first 2 y of follow-up also did not change the results. The possibility of a change in lifestyle as a consequence of preexisting cardiovascular conditions, diabetes, or cancer was further minimized by the exclusion of prevalent cases with these conditions. The NLCS also had some limitations. MEDITERRANEAN DIET, LIFESTYLE, AND PREMATURE MORTALITY Although many possible confounders were taken into account, the possibility of confounding by unmeasured factors remained. The validation study of the food-frequency questionnaire has shown that it performs relatively well (21), but measurement error may have attenuated associations. Because there was no possibility to update dietary intake or other lifestyle data during the 10 y of follow-up, this may have also resulted in some attenuated associations. Another potential limitation of the study was that medical practice, particularly cardiovascular disease therapies including the effectiveness of cardiovascular disease drugs such as statins and surgery, has changed. Therefore, the benefit of a healthy lifestyle on the reduction of mortality may be modified by advancements in medical practice.
In conclusion, this study provided further evidence on the beneficial effects of adhering to a Mediterranean diet on mortality rates and, also, that a healthy lifestyle that consists of several modifiable factors can substantially reduce premature death, especially in women. The combined healthy lifestyle showed the strongest effects in subjects with a low or medium level of education. The author's responsibilities were as follows-designed the study, was responsible for the conduct of the study, coordinated the data collection, analyzed and interpreted the data, and wrote the manuscript. The author had no financial or personal conflicts of interest. Combined healthy lifestyle score in relation to total mortality in men and women in the Netherlands Cohort Study Mortality rate per 100,000 person-years by using the inverse of the subcohort sampling fraction (120,852/5000) and standardized to the age distribution of men and women in the Netherlands Cohort Study.
3
Adjusted for age, history of hypertension, highest level of education, and energy intake.
4
Compared with the healthiest lifestyle category from the multivariate model (regression coefficient for age was 0.114334 per year).
5
Compared with the healthiest lifestyle category from the multivariate model (regression coefficient for age was 0.093267 per year).
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